Fresh juice from bergamot (Citrus bergamia Risso) has been studied to evaluate the polyphenolic composition by HPLC-DAD analysis and total polyphenols content by UV method. The main constituent, Naringin, has been selected as analytical and biological marker of the juice. Juice has been loaded onto maltodextrin matrix by spray-drying. The produced maltodextrin/juice powder (BMP) showed neither significant change in total polyphenols content nor decrease in antioxidant properties with respect to fresh juice. Moreover, BMP displayed high in vitro dissolution rate of the bioactive constituents in water and in simulated biological fluids. BMP appears as promising functional raw material for food, nutraceutical and pharmaceutical products. With this aim, a formulation study to develop tablets (BMT) for oral administration has been also performed. The produced solid oral dosage form preserved high polyphenols content, showed complete disaggregation in few minutes and satisfying dissolution rate of the bioactive constituents in simulated biological fluids.
Bergamot (Citrus bergamia Risso) is a natural hybrid fruit derived from bitter orange and lemon. The plant grows almost exclusively in the Reggio Calabria region (South Italy). Bergamot is used for production of essential oil obtained from the peel, and its fruit juice is considered a waste product of the industrial process [1a-1e] . Bergamot juice has drawn attention for its polyphenolic, mainly flavonoids content [2a-2c] , being an attractive raw material for the food and nutraceutical industry. It is well known that the consumption of polyphenol-rich products, mainly due to their antioxidant properties, is beneficial for human health [3a,3b] . Flavonoids from citrus fruits have many health benefits including anticancer, antiviral, and antiinflammatory activities, as well as effects on capillary fragility, and inhibition activity on human platelet aggregation [4a,4b] . In recent studies [5a,5b] , bergamot juice has been shown to be effective in the prevention of diet-induced hyperlipidemia. Moreover, it is able to enhance the antioxidant values of others industrial juices, acting as synergistic compound for the synthetic additives normally used [6] .
Despite these beneficial effects, the unprocessed fresh bergamot juice, showing penetrating smell and bitter taste, involves practical difficulties for an industrial use. Alterations of the functional and organoleptic properties of polyphenols can take place during the storage period due to constituents release and degradation/oxidative process [7, 8] . A convenient way to increase the shelf-life and to improve the organoleptic characteristics of a plant derivative is to transform it into a stable dry powder form [9a,9b] . Spray-drying is a micro-encapsulation technique appropriate for sensitive components such as polyphenols, and commonly used in pharmaceutical and food industry [10] . Food ingredients and additives in spray-dried powder form have reduced bulk weight and size, long-last biological stability, and are suitable for transportation and handling. Common carriers for spray-drying process include carbohydrates, gums, semisynthetic cellulose derivatives and synthetic polymers [11] . Currently, maltodextrins, water soluble modified starch derivatives, are used alone or in combination with other materials in food and drug processing of plant extracts, aromatic additives, carotenoids and vitamins [12a-12c] . Maltodextrins have multifaceted functions including bulking, caking resistance, film formation, binding of flavour and fat as well as reduction of oxygen permeability of wall matrix. Moreover, as one of the administration problems of the bergamot juice is the bitter taste, maltodextrins are also able to sweeten the final product. This paper reports on the evaluation of polyphenol components and antioxidant properties of fresh bergamot juice, as well as on the production and characterization of powders obtained loading the fresh juice onto maltodextrins as carrier (BMP) by spray-drying. Moreover, a NPC Natural Product Communications formulation study to develop tablets containing BMP for oral administration has been performed. Characteristics of the tablets (BMT) were evaluated in term of disintegration time and active compounds release in water and simulated biological fluids.
Hand-squeezed crude bergamot juice was analyzed by HPLC-DAD method. As shown in the chromatogram ( Figure 1A ) the eluted constituents were three flavanone neohesperidosides, Neoeriocitrin (1), Naringin (2), Neohesperedin (3), and a flavone neohesperidoside, Neodiosmin (4) ( Figure 1B ). Each compound was identified by comparison of retention time, MS and UV spectra with those of standards. In agreement with literature data [2a-2c] , compounds (1-3), were found as the most abundant flavonoids in the bergamot juice (0.6 ± 0.01, 0.6 ± 0.01, and 0.4 ± 0.01 mg/mL, respectively). To produce the powder form, an aqueous liquid feed, containing both maltodextrins and bergamot juice, was prepared and processed by spray-drying technique, as described in the experimental section. The production yield of Bergamot-Maltodextrin Powder (BMP) was very high (90%). The presence of maltodextrin, having high water solubility, significantly reduced apparent viscosity of the feed dispersion favouring the atomization and drying of the liquid feed [12b]. Moreover, increasing temperature during the spray-drying process, maltodextrins are able to induce the rapid formation of a glassy surface which allows air expansion inside particles, favouring the increase of particles diameter [12b]. For this reason, smallest and lightest particles which are normally lost with the exhaust of the spray dryer are reduced, and the yield increases. On the other hand, a low viscosity liquid feed led to a low retention of core material because of the delay in the formation of a semi-permeable layer by the internal components during drying [12b,13] .
Polyphenol content of both unprocessed juice (actual polyphenol content, APCB) and BMP (APC BMP ) was determined by UV method (5.49 and 3.57%, respectively). These values led to calculate the effectively loaded juice (actual juice content, AJC BMP 32.7%) as described in the experimental section. AJC BMP was reasonable with respect to the theoretical juice content (TJC 50.0%). Consequently, the loading efficiency (LE) value, calculated as the ratio of AJC to TJC, was 65.4%.
The functional stability of juice, before and after the spraydrying process, was evaluated as free-radical scavenging activity using the DPPH test [14] . The antioxidant activity of bergamot juice, expressed as EC 50 , (130 ± 5 and 140 ± 12 g/mL, respectively) was at the same level and remained quite unaltered after the spray-drying process. The process conditions used did not determine significant loss of antioxidant activity. To evaluate the dissolution/ release profile of juice from the powder, its solubility in each dissolution medium was previously detected as described in the experimental section. Solubility of BMP resulted 4.0 g/L in water, 3.4 g/L in simulated gastric fluid (GF) and 4.0 g/L in simulated intestinal fluid (IF), respectively. Sink conditions, which describe a dissolution system sufficiently dilute so that the dissolution process is not impeded by saturation of the solution, resulted 1.0 g/L. The in vitro dissolution/release profiles of active compounds from the BMP in each dissolution medium (water, GF and IF) are reported in Figure 2 . After 5 minutes a high amount (about 90%) of juice was dissolved/released both in water and simulated intestinal fluid; and about 60% in GF, in agreement with solubility results previously reported. The complete dissolution (about 100%) was achieved after 30 minutes in both water and IF, and after 2 hours in GF ( Figure 2 ). These results are very interesting, because the high water solubility of the powder, displaying high in vitro dissolution rate with complete release of the active compounds in all dissolution media. Formulation of BMP into tablets meets the challenge to retain the original properties of powder during compression. This was achieved by keeping low the compression pressure and using the direct compression procedure instead of wet granulation, thus avoiding lengthy granulation steps and exposure to solvents used in wet granulation [15] . BMP itself was used both as a directly compressible binder and as diluent. Bergamot juice is rich in sugars which can act as binder, and maltodextrins, used as carrier, which may also act as diluent in the tablets preparation [15] . Moreover, CMC was used as disintegrant and directly compressible filler, and magnesium stearate as a lubricant. The final formulation of bergamot-maltodextrin tablets (BMT) is reported in the experimental section. Each BMT resulted 8-mm tick ( Figure 3 ) and their disintegration time (see experimental section) was in about 15 minutes. Figure 3 shows the dissolution profiles of BMT in three different dissolution media. In 5 minutes, about 20% and 30% of juice was dissolved in water and IF, respectively. In the same time only 5% was dissolved in GF. 90% of dissolution was obtained in 90 minutes in IF, and in 150 minutes, a total release was observed in all dissolution media. Release of juice from the BMT resulted slower than from the BMP, probably due to the enhancement of binding forces of sugars, contained in the juice, during the compression. Any how, this effect was balanced by the presence of CMC which promotes the disintegration of tablets and enhancement of the active compounds dissolution rate. In conclusion, the obtained water-soluble powder BMP is able to preserve the polyphenols content and antioxidant activity of unprocessed juice. Furthermore, the spray-dried powder is suitable for the production of oral dosage tablets (BMT) by directly compression as well as for manufacturing raw material functional food, and for pharmaceutical and food supplements products.
Experimental
Chemicals: HPLC grade methanol (MeOH), formic acid (HCOOH) and the reagents used for the extractions were purchased from Carlo Erba (Rodano, Italy). HPLC grade water (18mΩ) was prepared using a Millipore Milli-Q 
Sample preparation for HPLC and UV analyses:
Unprocessed bergamot juice and processed spray dried juice (BMP) were extracted according to Pernice et al. 2009 [6] with slight modifications. 2 mL of bergamot juice was extracted whit 10 mL methanol, agitated and sonicated for 10 min. Juice was centrifuged for 10 min at 4000 rpm; supernatant was collected, while the pellets was extracted a second time using the same procedure. Supernatants were combined and centrifuged for 10 min at 2000 rpm. The concentration of solid material was 20.4 mg/mL. homogeneity, while feed was pumping into the spray dryer, the suspension was gently stirred using a magnetic stirring. Each preparation was carried out in triplicate. Spray-dried bergamot-maltodextrin powder (BMP) was collected and stored under vacuum for 48h at room temperature until the characterization.
HPLC-DAD analysis:
Quantitative HPLC analysis: HPLC equipment and conditions were the same used for the qualitative analysis. Unprocessed juice and BMP were subjected to extraction as reported in Sample preparation. Reference standard solutions of Neoeriocitrin, Naringin and Neohesperedin were prepared at three concentration levels in the range 0.25-1.0 mg/mL. Standard curves were analyzed using the linear least-squares regression equation derived from the peak area (R 2 >0.9999) corresponding to each compound. Results were expressed as mg/mL of compound ± standard deviation.
Total polyphenol content: Actual phenol content of bergamot unprocessed juice (APC B ) and BMP (APC BMP ), were determined by UV/Vis spectrometry at λ 284 nm. Each analysis was made in triplicate. APC was expressed in percentage as total Naringin (N) equivalents (mg N/100 mL juice).
Yield of the process and loading efficiency:
Production yield was gravimetrically determined and expressed as the weight percentage of the final product compared to the total amount of the materials sprayed.
Theoretical juice content (TJC) was calculated as percentage of juice content compared to the initial total content of all feed components before spray-drying. Actual juice content (AJC), theoretical polyphenol content (TPC) and loading efficiency (LE) were calculated as reported in the following formula: AJC% = APC BMP / APC B x 100 TPC% = APC B x loaded juice/ feed components LE% = AJC/TJC x 100 BMP Solubility: Solubility of the powder was determined in distilled water and in simulated biological fluids (gastric fluid, pH 1.2, and intestinal fluid, pH 7.5 without enzymes) prepared according to USP 31 (2008) [16] at the conditions reported elsewhere [8] . Concentration of juice in the media was determined by UV/Vis spectrometry at λ 284 nm and expressed as Naringin equivalents. Each analysis was made in triplicate. Naringin calibration curves in the same solvents were previously worked out. Proportionality between absorbance and concentration was verified in the range 1 g/L to 5 g/L (R 2 >0.999).
Bleaching of the Free-radical 1,1-Diphenyl-2picrylhydrazyl (DPPH Test):
Free radical scavenging activity of unprocessed juice and BMP was determined using the DPPH (1,1-diphenyl-2-picrylhydrazyl) method [14] . Results were expressed as amount (g/mL) of antioxidant necessary to decrease the DPPH initial concentration by 50% (EC 50 ) ± standard deviation (SD). Tocopherol (EC 50 10.1±1.3g/mL) was used as a positive control in the test.
Tablets products: Ingredients and their relative amounts used for the formulation of Bergamot-maltodextrin-tablet (BMT) were: BMP 1000 mg, magnesium stearate 10 mg, and microcrystalline cellulose (CMC) 5 mg. The ingredients were mixed until uniformity. The resultant mixture was compressed using round double concave punches of 10 mm diameter.
In vitro dissolution test:
In vitro dissolution/release tests were carried out according with the Farmacopea Ufficiale Italiana (F.U.I. XII, 2009) [17] . Release profile of BMP and BMT were determined in water, phosphate buffer at pH 6.8 (simulated intestinal fluid without enzymes) and hydrochloric acid buffer pH 1.2 (simulated gastric fluid without enzymes). Samples were analyzed spectrophotometrically at λ max 284 nm. Briefly, 1000 mg of BMP or one BMT were placed in six dissolution vessels containing 1000 mL of dissolution medium on a dissolution test apparatus n.2: paddle, 100 rpm at 37°C±0.5°C. All the dissolution tests were made in triplicate; only the mean values are reported (standard deviations < 5%). Amount of juice dissolved was measured as Naringin equivalents. Results are graphically expressed as the dissolution rate (in percentage) with respect to the time (in minutes).
In vitro disintegration time:
Test was carried out according with the Farmacopea Ufficiale Italiana (F.U.I. XII, 2009) [18] . A modified dissolution apparatus (paddle type) was used. The disintegration fluid was HCl pH 1.0 (1000 mL) at the temperature of 37±0.5°C with a stirring of 100 rpm. Six tablets were placed individually in six sinkers and disintegration time was determined as the point at which the tablet disintegrated completely and passed through the screen of the sinker.
